. The uranium contained in the overburden may, under certain geochemical conditions, enter the stream environment through erosion and subsequent deposition into streams. Surface-water samples previously collected in the Blackfoot River basin contained 0.4 to 3.3 yg/L uranium and 0.10 to 0.78 pCi/L radium-226 (L.L. Thatcher, written commun., 1978) .
The purpose of this study was to provide data on the concentration and distribution of uranium, radium, and radon in the 350-mi 2 basin, where expansion of phosphate mining on about 16,000 acres of Federal land is planned within the next 20 years. The U.S. Geological Survey, Conservation Division, which supervises the phosphate-mining leases, requested that a reconnaissance study be undertaken to provide radionuclide data necessary to monitor effects of mining activities on the concentration of radionuclides in the environment.
Radionuclide data were collected once during May, June, August, and October 1979. Data collection was attempted during storm runoff in August and October but was unsuccessful due to the variability of summer precipitation in the basin. Locations of sampling sites are described in table 1 and are shown on plate 1. Samples of water, suspended sediment, and bed material were collected at eight stream sites and were analyzed for uranium, radium-226, and radon-222. Water samples were collected at Formation Springs (site 10) and were analyzed for dissolved uranium, radium-226, and radon-222. Samples for determination of suspendedsediment concentrations were collected at nine stream sites. Bed-material samples from sediment-retention ponds near active mines were collected for uranium and radium-226 analyses. In addition, water discharge, water temperature, specific conductance, and pH were determined at each streamsampling site.
Sampling sites on Angus and Maybe Creeks and Little Blackfoot River below ponds (sites 2, 3, and 9, respectively) were located immediately below active phosphate-mining sites. Sampling sites on Diamond Creek, Little Blackfoot River above ponds, and Formation Springs (sites 1, 8, and 10, respectively) were located where there is no active mining. Dry Valley and Trail Creeks (sites 4 and 6, respectively) were sampled at the mouth to determine existing radionuclide concentrations in anticipation of future expansion of mining activity. The Blackfoot River at Alien Ranch (site 5) was sampled only for suspended-sediment concentration, and water discharge was measured to determine the sediment-discharge contribution of sites 1 through 4 and Lanes Creek. Blackfoot River above Blackfoot Reservoir (site 7) represents the cumulative contribution of all tributaries in the upper Blackfoot River basin. Water samples were collected for determination of suspendedsediment, uranium, and radium-226 concentrations by using the equal width increment method (formerly called the equal transit rate method) described by Guy and Norman (1970) . Samples of sediment material from the streambed and sedimentretention ponds were collected in acid-rinsed plastic bottles for uranium and radium-226 analyses. Samples for dissolved radon-222 analysis were collected in glass radon bubblers under vacuum.
One-liter water samples for dissolved uranium and radium-226 determinations were filtered through a 0.45-micron membrane filter at the collection site. Concentrated hydrochloric acid (10 milliliters) was added to each 1-liter filtered sample to minimize loss of solutes by oxidation, precipitation, or adsorbtion onto the sample containers.
All samples were sent to the U.S. Geological Survey National Water Quality Laboratory in Arvada, Colo., for analysis. Concentrations of dissolved uranium and radium-226 were determined from the filtered water sample, and recoverable uranium and radium-226 were determined from the suspendedsediment and bottom-sediment material. The fluorimetric direct analytical method was used for determination of uranium and is inclusive for all uranium isotopes. The method's precision is approximately +0.3 yg/L. The radon emanation analytical method was used for determination of radium-226 and radon-222. The method's precision is +20 percent for concentrations less than 0.10 pCi/L and +10 percent for concentrations greater than 0.10 pCi/L. Sediment material was digested on a steam bath in a 5-percent hydrochloric acid solution to extract all adsorbed uranium and radium-226 on the sediment particle. The filtered extract was then analyzed for uranium and radium-226. Detailed laboratory analytical methods are described by Skougstad and others (1979) , and Thatcher, Janzer, and Edwards (1977) . Suspended-sediment concentration was determined in accordance with methods described by Guy (1969) . All water data and analytical results collected for this study are presented in tables 2 and 3. through September 30, 1979). The mean annual discharge from the upper Blackfoot River basin was 168 ft 3 /s (U.S. Geological Survey, 1979) for 13 years of streamflow record (1915, Figure 2 shows flow duration for the 13-year period of streamflow record. The flow-duration curve is a cumulative frequency curve that shows the percentage of time that specified discharges were equaled or exceeded. The curve applies only to the period for which data were used to develop the curve and represents an average for the period considered, rather than the distribution of flow within a single year. The Idaho water-quality standards express a dual limiting radium concentration, depending upon the intended use of the receiving water. The 5 pCi/L radium standard applies for water used for domestic purposes. The 10 pCi/L radium standard applies for effluent discharged into any receiving water.
RADIONUCLIDE CONCENTRATIONS
Principal rocks in the overburden overlying the Permian Phosphoria Formation are carbonate and mudstone. Average uranium concentrations in these rocks are 20 and 30 ppm, respectively, compared to an average continental crust concentration of 2.7 ppm (U.S. Department of the Interior and U.S. Department of Agriculture, 1977) . When the overburden is removed and placed in large waste piles, uranium ions, under certain geochemical conditions, may be available to more rapidly enter the environment through transport in the dissolved or suspended state due to water erosion and subsequent deposition into streams. In the radioactive decay scheme of naturally occurring uranium (uranium-238 comprises 99.3 percent of natural uranium), the uranium disintegration products of most environmental concern are radium-226 and radon-222 gas.
Uranium
The geochemical mechanism for mobilization and immobilization of uranium is primarily dependent on the solution oxidation-reduction conditions and pH of water (Ames and Rai, 1978) . The pH of streams in the Blackfoot River basin ranged from 7.2 to 8.9 (table 2) . Studies of water from waste piles in the study area show that pH ranges from near neutral to about 8.3 (Ralston and others, 1980) . Within the observed pH range of water in the Blackfoot River basin, uranium ions would not be readily leachable. The dissolved uranium ions that are present probably are negatively charged phosphate and carbonate complexes and, hence, may not be associated with the cation exchange of sediment. A more detailed discussion of uranium ions, complexes, and solubilities is given by Langmuir (1978) .
Dissolved uranium concentrations in the upper Blackfoot River basin ranged from about 0.4 to 3.7 yg/L (table 2) . The highest concentrations occurred at site 3 on Maybe Creek, which flows directly from an active mining site. The next highest concentrations occurred, respectively, at site 10 (Formation Springs) and at sites 9 and 8 on the Little Blackfoot River. The relatively high concentrations in the Little Blackfoot River may be caused by mineralized groundwater inflow into this river reach (Ralston and others, 1980) . In the main-stem drainage, dissolved uranium concentrations in two streams (sites 2 and 3) immediately below active mining sites averaged 2.0 yg/L. Concentrations in streams not near active mining sites (sites 1, 4, 6, and 7) averaged about 0.6 yg/L. In the Little Blackfoot River, such a relation was not found; concentrations at site 8, above an active mining area, were as great as at site 9, just below the active mining area. Samples were not collected at site 8 during August or October, so no comparison could be made for these dates. Concentrations at the two sites were virtually identical in May and June.
Dissolved uranium concentrations in the upper Blackfoot River basin were generally in agreement with the 0.1 to 1 yg/L background range in water of the United States (Livingstone, 1963) and are considerably lower than the uranium concentration in the overburden (less than one-tenth of one percent). Fix (1956) indicated that surface water contains 1 to 10 yg/L of uranium in uranium-rich areas of the United States. All observed concentrations of dissolved uranium in in the upper Blackfoot River basin were within the limits of existing water-quality standards (table 4) .
Uranium adsorbed on bottom material occurred in higher concentrations than dissolved uranium, particularly at the mine site sediment-retention ponds and at site 7 on the Blackfoot River. Uranium concentrations averaged 1.8 yg/g (ppm) in stream-bottom material and 2.7 yg/g in sedimentretention pond material. These concentrations are considerably less than the 20-30 ppm uranium contained in the overburden and are close to uranium's crustal abundance of 2.7 ppm (Parker, 1967) . Generally, uranium minerals are extremely insoluble within the pH range of water in the river basin (Langmuir, 1978) . Under the pH conditions in the river basin, and particularly in the overburden waste piles (Ralston and others, 1980) , the leaching of uranium from the mineral phase appears to be very slow anci yields only trace concentrations of the ion.
Radium-226
Radium-226 is a disintegration product of uranium and has a (2+) oxidation state. Chemistry of radium-226 resembles that of barium, and radium compounds, except radium sulfate, are highly water soluble (Landa, 1980) . Radium interaction in natural water is related to the cation exchange capacity of sediment, and radium will probably substitute for other divalent cations on the sediment particles (Ames and Rai, 1978) . Thus, radium is not expected to exist in high concentrations in the dissolved state, except in highly acidic waters.
Concentrations of dissolved radium-226 in samples from streams in the upper Blackfoot River basin ranged from 0.03 to 0.24 pCi/L (table 2) . Concentrations in water from Formation Springs (site 10) averaged about 1.8 pCi/L. In the main stem, dissolved radium-226 in two streams (sites 2 and 3) immediately below active mining sites averaged 0.11 pCi/L; concentrations in streams not near active mining sites (sites 1, 4, 6, and 7) averaged 0.08 pCi/L.
Higher concentrations (up to 3.9 pCi/g) were observed in bottom material from sediment-retention ponds than in bottom material from streams. The maximum observed suspendedradium concentration was 0.25 pCi/L. All concentrations of radium-226 were within the permissible limits of the most stringent existing water-quality standards (table 4) .
Radon
Radon-222, a radioactive noble gas, is a disintegration product of radium-226. The solubility of dissolved radon-222 in surface and ground water depends largely upon temperature-pressure relations. Dissolved concentrations are higher in ground water than in surface water. Concentrations of radon-222 in surface water are site specific and change immediately upstream or downstream from the sampling point.
Radon concentrations in surface water in the upper Blackfoot River basin ranged from less than 2 to 120 pCi/L ( The radionuclide and other water-quality data collected in the upper Blackfoot River basin indicate that radionuclides exist only in trace or background concentrations. Water and sediment samples collected immediately below active phosphatemining sites did not show significant increases in radionuclide concentrations. Further need of radionuclide monitoring appears to be minimal.
As mentioned in the final environmental impact statement by the U.S. Department of the Interior and U.S. Department of Agriculture (1977) , the greatest potential impact of increased mining activity in the river basin appears to be increased erosion, which could result in increased sediment discharge to streams. Available data to determine the present sediment discharge from disturbed and undisturbed areas in the basin are inadequate. If the sediment discharge under present land-use conditions can be defined, the impact of increased mining activity may then be compared to future changes in sediment discharge.
SUMMARY
In the upper Blackfoot River basin, maximum measured uranium concentrations were 3.7 yg/L in water, and 5.5 and 9.9 yg/g in bottom material from streams and sediment-retention ponds, respectively, and 17 yg/g in a mine pit. Maximum measured radium-226 concentrations were 1.8 pCi/L in water and 1.8 and 3.9 pCi/g in bottom material from streams and sediment-retention ponds, respectively. Maximum measured radon-222 concentrations were 120 pCi/L in surface water and averaged 550 pCi/L at Formation Springs (site 10). Dissolved radionuclide concentrations in two main-stem streams immediately below active mining sites averaged 0.11 pCi/L radium-226 and 2.0 yg/L uranium. In streams not near active mining sites, dissolved radionuclides averaged about 0.08 pCi/L radium-226 and about 0.6 yg/L uranium. All radionuclide concentrations were within the limits of State and Federal water-quality standards.
Because radionuclides were observed only in trace concentrations, the need for further radionuclide monitoring seems to be minimal. Presently, few suspended-sediment data for the basin are available to assess the impact that increased mining activity may have on sediment discharge.
